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IMPACT OF 0»0I« EXFOSDRJ OH VEGBTAtlOll IM OKTXBIO 

Mi«r.V™ ^r*^^°K "i^ '' *• '>*""'•''' »ir Be«oure.» Branch, Ontario 
^nS p!fT^ the EnviroM.nt, SBO B.y str«.t, Toronto, ont«lo MSSlgS 
•na Policy and Planning Branch, Ontario Ministry of tha BBvlroBMant, 
X3S St. Clair Avann* «aat, Toronto K4» ips. 



h«iS ^,1^11 B««Mrizes the results of extensive efforts which have 
ovTrt,^^! 1"? 1" Ontario to assess the i.pact of ozone and other 
^!^(f ^!^^* k'^ ^^^^" °' terrestrial vegetation and to provide a 
w™,?S ,^^^^^ ^"^ '*** derivation of economic benefits which 
would result fro. an ozone control progran (Pearson, 1989 and 
^oeJ^Mnn '.'■ .K*""^ obJ«ctives were to ass.U the Response "f 
vegetation to other regional pollutants, to multiple ™ilutant 
exposures and to detemlne the ozone exposure threshold which would 
f.lr. "1^^^*<* '? virtually ellBinate adverse impacts on crops, 
omanentals and forests in the province. 

In the case of agricultural crops, the derivation of production 
losses was accomplished by a thorough review of the scientific 
literature as well as many un-published qovernnent and university 
reports and conference proceedings and the development of a 
database for crop response to seasonal mean ozone concentrations 
of 40 and 50 ppb. A total of 19 crops were assessed in this 
r^^^ 'k""^ ^ViA^ °*, '"'= "• " "-"Prehensive adjustment factor 
approach was utilized in the estimation of crop loss in Ontario du« 
v».?fh'i'?<^° compensate for geographic, agronomic and experimental 
T?li?- J^^ i" "" research results. Based on these findings 
(Table 1) and an analysis of the Ontario ozone database (Table I) 
in which mininua, maximum and average contours of seven-hour 
seasonal means were contoured via a kriging technique (Figure 1 - 
average) It was subsequently determined by Donnan (1989) that the 
e^S"''.,X^ °* Increased crop production in Ontario would average 
539 million, ranging from $14 to S61 million per year (Table 3). 
These estimates, which are expressed in 1986-87 dollars, assume 
that no added costs of cultivation or harvesting would be incurred. 
A statistical analysis of the Ontario ozone database from a 
seasonal average and hourly basis revealed that attainment of the 
existing one hour ambient air criterion of 80 ppb (Figure 2) would 
5!®1! ,, " seasonal mean ozone levels below 40 ppb, thereby 
virtually eliminating productivity type impacts on seasonally 
exposed ozone sensitive vegetation in the province. 

fL''*',^ "^"t* Of ornamentals, including landscape trees, turfgrass 
and Christmas trees, productivity losses were estimated at an 
average of 5* with a range of 2-7% in the southern portion of the 
?^°^;?" exposed to seasonal mean ozone concentrations at or above 
40 (Figure 1). The value of the potential increased revenues to 
ornamental plant growers, if ozone levels were reduced to below 40 
ppb (seasonal mean averages), has been estimated by Donnan (1989) 
to range between $2 and $8 Billion per year (Table 3) 




Although foliar injuries have been documented on many forest 
species in Ontario, the state of knowledge at this time was 
insufficient to develop a reliable estimate of productivity losses. 
However, it has been noted (Pearson, 1989) that in Ontario, the 
major portion of the forest Industry Is located in an area of the 
province where ozone levels normally are lower than In the 
agricultural production areas of southern and central Ontario. 

An evaluation of the impacts of other oxidants, including 
peroxyacetyl nitrate (PAN) and nitrogen dioxide failed to indicate 
any concern for direct Impacts on vegetation at existing air 
quality levels. However, Interactions involving these oxidants witn 
ozone can not be ruled out due to a dearth of research conducted 
under growing season, field conditions. In the case of multiple 
exposures involving ozone and sulphur dioxide or acid raln/Iog, 
there has been field type research that appears to rule out any 
significant enhancement of crop productivity losses. In the case 
of trees, the role of pollutant interactions which have been 
documented under controlled experimental conditions has not been 
clarified under natural or stand conditions. 

in summation, this investigation documented productivity losses to 
crops and ornamental growers due to prevailing ozone 
concentrations. If ozone levels were reduced to a seasonal mean 
below 40 ppb, the value of the extra crop production and revenues 
to ornamental plant growers could range from S17 to S70 million, 
depending on the seasonal precursor emissions and the regional 
weather patterns for southern Ontario. These estimates can be 
compared to estimates of the costs of reducing ozone precursor 
pollutants from stationary and mobile sources in Ontario which are 
being prepared as part of an oxidant strategy for the province. 
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Table 1 



SUMMARY OF ESTIMATED CROP LOSS DUE TO OZONE 
EXPOSURE IN ONTARIO 



CROP 



AT RISK 




Dry Beans 


10.6 


Potato 


5.6 


Onion 


s.e 


Hay 


4.4 


Turnip/Rutabagas 


3.8 


Winter Wheat 


3.4 


Soybean 


3.2 


Spinach 


2.5 


Green/Snap Bean 


2.2 


Flue-cured Tobac 


2.1 


Tomato 


1.6 


Sweet Corn 


1.4 



AVERAGE YIELD LOSS IN ONTARIO 

OZONE REGION OZONE REGION 

4 5 



10.7 
fi.9 

7.4 
S.S 
«,2 
4.7 
4.4 

S.i 
2.3 



MARGINALLY AT RISK 

Cucumber I 

Squash 1 

Pumpkin % 

Melon i 

Grapes 1 

Burley Tobacco 1 

Beet 1 
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TXBU 3 



VALUE or 



PBOMCTIOH INCREASES FOR AGRICUIOTRM. AMD 



OBHMffiNTAL CROPS FKOM OZOHE CONTROL 



VEGETATION 
TYPE 



AGRICOLTUEAL CROi>S 



ORHAMEBTALS 



■^^lAL PRODUCTION INCR^E 



MINIMUM 



(S IN MILLIONS) 



HEAN MAXIMUM 



1A.4 



a..» 



3B.8 



5.7 



61.4 



8.2 
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